EP1 215024 



Title: 

Method and apparatus for the manufacture of pneumatic tires 

Abstract: 

A method of highly efficiently producing pneumatic tires, wherein both bead portions (B) 
of a green tire (G) are supported by a pair of holders (24, 50) and opposite axial ends of a 
bladder (25) are tightly attached to the holders (24, 50) 3 respectively. The holders (24 5 50) 
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(57) A method of highly efficiently producing pneu- 
matic tires, wherein both bead portions (B) of a green 
tire (G) are supported by a pair of holders (24, 50) and 
opposite axial ends of a bladder (25) are tightly attached 
to the holders (24, 50), respectively. The holders (24, 
50) are joined to each other and a fluid is supplied into 
the bladder (25), to preliminarily inflate the bladder (25) 
within the green tire (G). The green tire (G) is transferred 
into a vulcanizer, together with the holders (24, 50) and 
the preliminarily inflated bladder (25). A heat medium is 
supplied into the bladder (25), to vulcanize the green tire 
(G) and form a vulcanized tire (K). The preliminary in- 
flation of the bladder (25) at a location outside of the 
vulcanizer eliminates or shortens the waiting time within 
the vulcanizer, thereby improving the overall work effi- 
ciency and productivity at a tire factory. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a method of, 
and an apparatus for highly efficiently producing pneu- 
matic tires. 

2. Description of Related Art 

[0002] As known in the art, in order to produce pneu- 
matic tires, a green tires with a substantially toroidal 
cross section is formed on a building drum, and then 
transferred into a vulcanizing mold while it is maintained 
open. 

The vulcanizing mold is then closed and a heat medium 
at high temperature and high pressure is supplied into 
a bladder of the vulcanizer, thereby inflating the bladder 
within the green tire and vulcanizing the green tire in the 
mold to form a product tire. 

[0003] The above-mentioned conventional vulcaniz- 
ing process suffers from a problem that a substantial 
waiting time is required before vulcanization of the green 
tire is actually started. It would be highly desirable to 
eliminate or shorten the waiting time for the vulcanizing 
process as far as possible, thereby improving the overall 
work efficiency and productivity at a tire factory. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention 
to provide a method and apparatus for producing a 
pneumatic tire, capable of effectively eliminating or 
shortening the waiting time for the vulcanizing process 
and improving the overall work efficiency and productiv- 
ity at a tire factory. 

[0005] The inventors conducted thorough research 
and investigations seeking for a solution of the above- 
mentioned problem, and arrive at a unique concept of 
eliminating or shortening the waiting time forthe vulcan- 
ising process by a preliminary inflation of the bladder as 
an outside operation, i.e., at a location outside of the 
vulcanizer and at a time point before the green tire is 
placed in the vulcanizing mold. 

[0006] According to one aspect of the present inven- 
tion, there is provided a method for producing a pneu- 
matic tire, which comprises the steps of: 

supporting both bead portions of a green tire by a 
pair of holders to which opposite axial ends of a 
bladder are tightly attached, respectively, 
joining the holders to each other and supplying a 
fluid into the bladderto preliminarily inflate the blad- 
der within the green tire, and 
transferring the green tire into a vulcanizer, together 
with the holders and the preliminarily inflated blad- 



der, and then supplying a heat medium into the 
bladder, to thereby vulcanize the green tire and form 
a vulcanized tire. 

5 [0007] According to another aspect of the present in- 
vention, there is provided an apparatus for producing a 
pneumatic tire, which comprises: 

a preprocessing machine comprised of (i) joining 
means for mutually joining a pair of holders support- 
ing both bead portions of a green tire, respectively, 
and (ii) preliminary inflating means for supplying a 
fluid into a bladder having opposite axial ends tightly 
attached to the holders, respectively, to thereby pre- 
liminarily inflate the bladder within the green tire; 
a vulcanizer for supplying a heat medium into the 
bladder within the green tire, to thereby vulcanize 
the green tire and form a vulcanized tire; and 
transfer means for transf erri ng the green ti re togeth - 
er with said holders and the preliminarily inflated 
bladder, from the preprocessing machine to the vul- 
canizer. 

[0008] With the method and apparatus according to 
the present invention, the holders supporting both bead 
portions of a green tire, respectively, are joined to each 
other by the joining means, and a fluid is supplied into 
the bladder to thereby preliminarily inflate the bladder 
within the green tire. Thereafter, the green tire, together 
with the holders and the preliminarily inflated bladder, is 
transferred from the preprocessing machine to the vul- 
canizer, and a heat medium is supplied into the bladder, 
to thereby vulcanize the green tire into a vulcanized tire. 
[0009] In this way, at a location outside of the vulcan- 
izer and atatime point before the vulcanizing operation, 
the green tire is combined with the holders and bladder, 
and the bladder is preliminarily inflated by supplying the 
fluid into the bladder. The assembly comprised of the 
green tire, holders and preliminarily inflated bladder can 
be delivered into the vulcanizer as it is, thereby allowing 
vulcanization of the green tire to be immediately started, 
and improving the overall work efficiency and productiv- 
ity at a tire factory. 

[0010] It is preferred that the fluid to be supplied for 
preliminarily inflating the bladder is a high-temperature 
fluid. In this instance, the holders, the bladder and the 
green tire can be effectively heated in advance of the 
vulcanizing operation, thereby allowing further shorten- 
ing of the wailing time for vulcanization. 
[0011] Advantageously, the method according to the 
present invention further comprises the steps of: 

transferring the vulcanized tire, together with the 
holders and the bladder, from the vulcanizer to a 
post-cure inflator, and attaching said holders to a 
rotary shaft of said post-cure inflator; and 
rotating the rotary shaft of the post-cure inflator to 
thereby cool the vulcanized tire. In this instance, be- 
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cause it is unnecessary to discharge the heat me- 
dium from the bladder after vulcanization, it is pos- 
sible to further improve the work efficiency. It is also 
unnecessary to separate the vulcanized tire from 
the bladder before the post-curing and to mount the 
vulcanized tire onto a rim of the post-cure inflator, 
and it is thus possible to achieve substantial im- 
provement in terms of uniformity of product tires. 
Moreover, since the rim of the post-cure inflator is 
substituted by the holders, it is possible to achieve 
substantial simplification in terms of structure of the 
post-cure inflator. 

[0012] It is preferred that, upon post-curing of the vul- 
canized tire, a low-temperature fluid is supplied into the 
bladder, to accelerate cooling of the vulcanized tire. The 
vulcanized tire is thereby rapidly cooled while avoiding 
a direct contact between the inner surface of the vulcan- 
ized tire and the fluid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention will be described in fur- 
ther detail hereinafter, with reference to a preferred em- 
bodiment shown in the accompanying drawings, where- 
in: 

FIG. 1 is a schematic plan view showing one em- 
bodiment of the apparatus for performing the meth- 
od according to the present invention; 
FIG. 2 is a sectional view taken along the line ll-ll 
in FIG. 1; 

FIG. 3 is a sectional view taken along the line Ill-Ill 
in FIG. 2; 

FIG. 4 is a half sectional view of the vulcanizer; and 
FIG. 5 is a sectional view taken along the line V-V 
in FIG. 1. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0014] Referring now to FIGS. 1 , 2 and 3, reference 
numeral 11 designates an apparatus suitable for per- 
forming the method according to the present invention, 
for highly efficiently producing pneumatic tires, which 
may be for passenger cars, for example. The apparatus 

1 1 includes a preprocessing machine 1 2 that extends in 
the fore-and-aft direction. The preprocessing machine 

1 2 has a stationary frame 1 3 supporting two sets of hor- 
izontal conveyers 14,15 that are vertically spaced from 
each other. The conveyers 14, 15 extend in the longitu- 
dinal direction of the frame 13 and are operated in op- 
posite directions. 

[001 5] The conveyer 1 4 on the upper side transfers a 
green tire G forwardly, i.e., toward the downstream end 
1 4a of the conveyer 1 4. It is assumed that the green tire 
G has been formed by a building machine (not shown) 
and is laid horizontally on the conveyer 1 4. The convey- 



er 15 on the lower side, in turn, has an upstream end 
15a that extends beyond the downstream end 14a of 
the conveyer 14 substantially by a distance that corre- 
sponds to the diameter of the green tire G, and transfers 
5 a vulcanized tire Kto a next processing station. It is also 
assumed that the vulcanized tire K is laid horizontally 
on the conveyer 15. 

[0016] As shown in FIG. 2, a vertical supporting stand 
1 8 is arranged at a processing station R opposite to the 

10 upstream end 1 5a of the conveyer 15. 

The supporting stand 18 is provided therein with a col- 
umn-like center post 19 that is fixed to the frame 13. The 
center post 19 is raised and lowered by a cylinder (not 
shown), between a lower limit position where a flange 

15 20 to be described hereinafter is in abutment with an 
upper surface of the supporting stand 1 8 ; and an upper 
limit position indicated by imaginary line in FIG. 2. 
[0017] The center post 19 has an upper end whose 
outer periphery is provided with the aforementioned 

20 flange 20 having an annular shape. Above the flange 
20, the center post 1 9 is further provided with a plurality 
of substantially triangular pawls 21 that are circumfer- 
entially and equidistantly spaced from one another and 
adapted to swing about the upper end of the center post 

25 19 about their horizontal axes, respectively. The pawls 
21 project from the outer peripheral surface of the center 
post 1 9 when they are swung radially outwardly by as- 
sociated springs (not shown). The pawls 21 are retract- 
ed to become flush with the outer peripheral surface of 

30 the center post 1 9 when they are urged radially inwardly 
against the springs, respectively. 
[0018] Reference numeral 24 designates a substan- 
tially cylindrical lower holdercarried into and placed onto 
the supporting stand 18. The lower holder24 is mounted 

35 with an axial end (i.e., lower end) of a bladder 25. The 
lower holder 24 has a supporting portion 24a just under 
the lower end of the bladder 25, so as to support the 
lower bead portion B of the green tire G. The supporting 
portion 24a has an outer diameter larger than that of the 

40 lower holder 24 at a mounting portion thereof for mount- 
ing the bladder 25. As shown in FIG. 3, the upper end 
portion of the lower holder 24 is formed with a plurality 
of protruding portions 24b protruding radially inwardly. 
The protruding portions 24b are spaced circumferential- 

45 |y and equidistantly from one another so as to exhibit 
arcuate shape, respectively. 

[0019] Reference numeral 27 designates an upper 
holder body having a diameter smaller than the inner 
diameter of the bead portion B of the green tire G, and 

50 this upper holder body 27 is arranged above the lower 
holder24 and mounted with the other axial end (i.e., up- 
per end) of the bladder 25. The upper holder body 27 is 
formed, on its center axis, with a through-hole 28 having 
the same diameter as the center post 1 9 so that the up- 

55 per end portion of the center post 1 9 can be penetrated 
through the through-hole 28. 

[0020] When the center post 1 9 is raised from the low- 
er limit position, the pawls 21 arc pushed into the center 
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post 19 by virtue of the through-hole 28 such that the 
upper end portion of the center post 1 9 is projected up- 
wardly from the upper surface of the upper holder body 
27. The pawls 21 arc subsequently passed beyond the 
through-hole 28 so thatthe pawls 21 are swung and pro- 
jected from the outer peripheral surface of the center 
post 1 9 by the urging forces of the associated springs, 
respectively. By continuously raising the center post 19 
thereafter, the flange 20 is caused to abut onto the lower 
surface of the upper holder body 27, so that the upper 
holder body 27 is lifted up to a position indicated by the 
imaginary line in FIG. 2 to thereby extend the bladder 
25 into a substantially cylindrical shape. 
[0021] Reference numeral 31 designates a joint ring 
rotatably coupled to the inner periphery of the upper 
holder body 27. The joint ring 31 has a lower end of a 
diameter slightly smaller than the inner diameter of the 
protruding portion 24b. As shown in FIG. 3, the joint ring 
31 is formed, at the outer periphery of its lower end, with 
radially outwardly protruded portions 31a of the same 
number as the protruding portions 24b. The protruding 
portions 31a are spaced circumferentially and equidis- 
tantly from one another so as to exhibit arcuate shape, 
respectively. 

[0022] Reference numerals 32 designate vertical ro- 
tary shafts that are rotatably supported by the upper 
holder body 27 near the inner periphery of the joint ring 
31 . Each rotary shaft 32 has an upper end provided with 
a clutch piece 33 for preventing the rotary shaft 32 from 
falling from the upper holder body 27. Further, each ro- 
tary shaft 32 has a lower end provided with a pinion 35 
to be meshed with internal teeth 34 formed at the inner 
periphery of the joint ring 31 . As a result, in a state where 
the protruding portions 31a of the joint ring 31 are posi- 
tioned between the protruding portions 24b of the lower 
holder 24, respectively, when the joint ring 31 is rotated 
by the rotary shafts 32 such that the protruding portions 
24b and protruding portions 31a are vertically over- 
lapped with each other, the lower holder 24 and upper 
holder body 27 are joined to each other. 
[0023] Reference numeral 38 designates a cylindrical 
elevating stand supported, in a mannerto be raised and 
lowered, by the fixing frame 13 just above the supporting 
stand 1 8. The elevating stand 38 can be raised and low- 
ered by a cylinder, not shown, toward and away from 
the supporting stand 1 8. The elevating stand 38 has an 
outer periphery of its lower end, coupled with a rotary 
ring 39 coaxial with the elevating stand 38. 
[0024] Reference numerals 40 designate motors 
fixed to the elevating stand 38. Each motor 40 has an 
output shaft 41 provided with a pinion 42 that is meshed 
with internal teeth 43 formed at the inner periphery of 
the rotary ring 39. When the motors 40 operate to rotate 
the pinions 42, respectively, the rotary ring 39 is rotated 
about a vertical axis, while being supported by the ele- 
vating stand 38. 

[0025] Reference numeral 45 designates an upper 
bead ring capable of supporting the upper bead portion 



B. The upper bead ring 45 has an upper surface formed 
with a plurality of joining holes 46 each having an ellip- 
tical opening portion, and a circular interior end. Refer- 
ence numerals 47 designate cylinders mounted at the 

5 lower portion of the rotary ring 39. Each cylinder 47 in- 
cludes a piston rod 48 having a tip end fixed with a join- 
ing piece 49 having a substantially same shape as the 
opening portion of each joining hole 46. The upper bead 
ring 45 is joined to the rotary ring 39, when piston rods 

10 48 are protruded from the associated cylinders 47, re- 
spectively, such that the joining pieces 49 are passed 
into the bottoms of the joining holes 46 via opening por- 
tions of joining holes 46, and then the cylinders 47 are 
rotated by angles of 90° by a rotating mechanism, not 

15 shown. 

[0026] The upper holder body 27 includes an upper 
end portion having an outer periphery formed with a plu- 
rality of protruding portions 27a similarly to the protrud- 
ing portions 24b of the lower holder 24. The upper bead 

20 ring 45 includes an upper portion having an inner pe- 
riphery formed with protruding portions 45a, similarly to 
the protruding portions 31 a of the joint ring 31 and at the 
same number as that of protruding portions 27a. As a 
result, in a state where the upper bead ring 45 is joined 

25 to the rotary ring 39 by the cylinders 47 and joining piec- 
es 49, when the elevating stand 38 is lowered to the low- 
er limit position so that the protruding portions 45a of 
the upper bead ring 45 have passed through between 
the protruding portions 27a of the upper holder body 27. 

30 The rotary ring 39 is then rotated by the motors 40 such 
that the protruding portions 27a and protruding portions 
45a arc vertically overlapped, when the upper bead ring 
45 is integrally joined to the upper holder body 27. 
[0027] Thereafter, when the cylinders 47 arc rotated 

35 so that the piston rods 48 are retracted to thereby pull 
the joining pieces 49 out of the joining holes 46, respec- 
tively, the joint between the upper bead ring 45 and ro- 
tary ring 39 is released. I n this way, when the upper bead 
ring 45 is joined only to the upper holder body 27, the 

40 upper holder body 27 and upper bead ring 45 coopera- 
tively constitute an upper holder 50 that is paired with 
the lower holder 24. 

[0028] Reference numerals 53 designate motors 
fixed to the lower end of the elevating stand 38. Each 

45 motor 53 includes an output shaft 54 having a tip end 
provided with a clutch piece 55 to be coupled to the as- 
sociated clutch piece 33 when the elevating stand 38 is 
lowered to its lower limit position. When the clutch piec- 
es 33, 55 are mutually coupled, the motors 53 are op- 

50 erated to rotate the pinions 35 and thereby rotate the 
joint ring 31 while being supported by the upper holder 
body 27. 

[0029] The above-mentioned joint ring 31 , rotary 
shafts 32, clutch pieces 33, pinions 35, motors 53 and 
55 clutch pieces 55 cooperatively constitute joining means 
56 for mutually joining the paired lower and upper hold- 
ers 24, 50 for supporting both bead portions B of the 
green tire G, respectively. 
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[0030] Reference numeral 59 designates an elevating 
rod supported, in a manner to be raised and lowered, 
by the elevating stand 38. The elevating rod 59 is coaxial 
with the center post 19 and can be raised and lowered 
by a cylinder, not shown. The elevating rod 59 has a 
lower end fixed with a push-in cap 60 formed with a re- 
cess 61 , which is coaxial with, and of the same diameter 
as the through-hole 28. 

[0031] When the elevating rod 59 and push-in cap 60 
are lowered and fitted onto the center post 19 by the 
cylinder in a state where the elevating stand 38 is at its 
lower limit position, the pawls 21 are pushed radially in- 
wards by the inner periphery of the recess 61 . When the 
center post 19 is lowered in this state, the center post 
19 is allowed to pass through the through-hole 28 to 
thereby downwardly escape therefrom, without being 
obstructed by the pawls 21 . 

[0032] Reference numerals 63 designate a pair of first 
fluid passages formed within the lower holder 24. Each 
first fluid passage 63 has one end opened at the outer 
periphery of the lower holder 24 so as to communicate 
with a bladder space 64 confined by the lower holder 
24, bladder 25 and upper holder 50. Meanwhile, the first 
fluid passages 63 have the other ends opened at the 
lower surface of the lower holder 24, such that these 
openings arc communicated with a pair of second fluid 
passages 65 formed within the supporting stand 18 
when the lower and upper holders 24, 50 are supported 
on the supporting stand 18. 

[0033] Reference numeral 66 designates a circulation 
passage having both ends connected to the respective 
ends of the second fluid passages 65. The circulation 
passage 66 is interposed therein with a heater 67 and 
a hydraulic pump 68. The circulation passage 66 is com- 
municated, via a switching valve 69, with a fluid source 
70 for supplying a fluid such as inert gas, steam or hot 
water heated to a high temperature. As a result, when 
the switching valve 69 is opened, the fluid from the fluid 
source 70 is supplied into the bladder space 64 via cir- 
culation passage 66, to thereby inflate the bladder 25 
into a substantially toroidal shape within the green tire G. 
[0034] When the green tire G and bladder 25 have 
been inflated to the predetermined toroidal shape, the 
switching valve 69 is switched to its closed state. There- 
after, the hydraulic pump 68 is operated so that the fluid 
within the bladder space 64 is brought to and heated by 
the heater 67 via the first fluid passage 63 and second 
fluid passage 65 and then returned to the bladder space 
64 via the first fluid passage 63 and second fluid pas- 
sage 65, such that the fluid is always kept at a prede- 
termined and constant high temperature. 
[0035] The first fluid passages 63, second fluid pas- 
sages 65, heater 67, hydraulic pump 68, switching valve 
69 and fluid source 70 cooperatively constitute inflating 
means 71 for supplying the fluid heated to the higher 
temperature into the bladder 25 (i.e. , bladder space 64) 
having the opposite axial ends attached to the paired 
lower and upper holders 24, 50 to thereby inflate the 



bladder 25 within the green tire G. Reference numerals 
72, 73 designate temperature sensor and pressure sen- 
sor for detecting the temperature and pressure of the 
fluid within the bladder 25, respectively. 
5 [0036] Turning back to FIG. 1 , reference numeral 75 
designates transfer means capable of moving in the 
fore-and-aft direction while being guided by the frame 
13. The transfer means 75 has a gripping mechanism 
76 capable of being raised and lowered and of gripping 
the bead portions B of the tire from the radially inner 
side. 

[0037] The transfer means 75 is capable of gripping, 
by the gripping mechanism 76, the green tire G trans- 
ferred to the downstream end of the conveyer 14, i.e.. 
up to a delivering station H, and then transferring the 
green tire G onto the lower holder24, when the elevating 
stand 38 has been raised up to its upper limit position 
and the upper holder 50 has been raised up to its upper 
limit position indicated by the imaginary line in FIG. 2. 
The transfer means 75 is also capable of gripping the 
vulcanized tire K on the lower holder 24 by the gripping 
mechanism 76 and then transferring the vulcanized tire 
K to the upstream end of the conveyer 15, i.e., up to a 
takeout station J. 

[0038] The above-mentioned stationary frame 13, 
conveyers 14, 15, supporting stand 18, elevating stand 
38, rotary ring 39, motors 40, cylinders 47, joining 
means 56, push-in cap 60, inflating means 71 and trans- 
ferring means 75 cooperatively constitute the preproc- 
essing machine 12. 

[0039] In FIGS. 1 and 4, reference numeral 80 desig- 
nates a vulcanizer installed in front of the preprocessing 
machine 12. The vulcanizer 80 has a lower base 81 pro- 
vided thereon with a lower mold 82. The lower mold 82 
has its upper surface formed with a shaping surface 83 
for shaping a sidewall portion S and the bead portion B 
of the green tire G. 

[0040] Reference numeral 84 designates an upper 
base installed in a manner to be raised and lowered 
above the lower base 81 . The upper base 84 can be 
brought away and toward the lower base 81 by raising 
and lowering the upper base 84. Reference numeral 85 
designates an upper plate installed just under the upper 
base 84. The upper plate 85 is mounted to a lower end 
of a vertically extending piston rod 86 of a cylinder 
which, in turn, is mounted to the upper base 84. 
[0041] As a result, the operation of the cylinder allows 
the upper plate 85 to be raised and lowered, independ- 
ently of the upper base 84. The upper plate 85 has a 
lower surface fixed with an upper mold 87. The upper 
mold 87 has a lower surface formed with a shaping sur- 
face 88 for shaping the sidewall portion S and bead por- 
tion B of the green tire G. 

[0042] Reference numeral 90 designates an outer 
ring installed so as to surround the upper plate 85 from 
the radially outer side thereof. The outer ring 90 has an 
upper end fixed to the radially outer end of the upper 
base 84. Also, the outer ring 90 has an inner periphery 
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formed with a surface 90a inclined upwardly and radially 
inwardly. 

[0043] Reference numerals 92 designate a plurality 
of, here nine pieces of, sector segments arranged in a 
mannerto be juxtaposed in the circumferential direction. 
These sector segments 92 have upper ends supported 
by the lower surface of the upper plate 85 at positions 
radially outward of the upper mold 87, such that the sec- 
tor segments 92 arc moveable in the radial direction. 
Further, the sector segments 92 have their inner periph- 
eries provided with sectormolds 93 having radially inner 
surfaces formed with shaping surfaces 94 for primarily 
shaping a tread portion D of the green tire G, respec- 
tively. 

[0044] The sector segments 92 have their outer pe- 
ripheries formed with inclined surfaces 92a having the 
same inclination as the inclined surfaces 90a of the out- 
er ring 90. The inclined surfaces 92a and the inclined 
surface 90a are coupled to each other by dovetail joints, 
so as to be slidably engaged with one another. As a re- 
sult, by raising and lowering the outer ring 90 relative to 
the upper plate 85, the sector segments 92 are moved 
radially and synchronously by the wedging effect of the 
inclined surfaces 90a, 92a, while allowing the sector 
segments 92 to be supported by the upper plate 85. 
[0045] When the upper base 84 is lowered to its lower 
limit position, all of the sector molds 93 are urged by the 
outer ring 90 toward the radially inner limit where the 
neighboring sector molds 93 are closely contacted with 
one another to thereby exhibit a continuous ring shape. 
At this time, when the lower and upper holders 24, 50 
in a joined state for supporting the green tire G are 
placed on the lower mold 82, the upper holder 50 is 
closely contacted with the upper mold 87 at its lower limit 
position and the upper, lower and sector molds 87, 82, 
93 are closed to thereby internally define a vulcanizing 
space of toroidal shape for housing the green tire G 
therein. 

[0046] Reference numerals 95 designate heat medi- 
um passages formed within the lower mold 82. The heat 
medium passages 95 are communicated to the first fluid 
passages 63 of the lower holder 24, when the lower and 
upper holders 24, 50 in a joined state are placed on the 
lower mold 82. When the heat medium at high temper- 
ature and high pressure is supplied into the green tire 
G, specifically into the bladder 25, from a heat medium 
source, not shown, the green tire G is vulcanized while 
being pressed onto the shaping surfaces 83, 18, 94. 
[0047] The above-mentioned lower base 81, lower 
mold 82, upper base 84, upper plate 85, upper mold 87, 
outer ring 90, sector segments 92 and sector molds 93 
cooperatively constitute the vulcanizer 80 for vulcaniz- 
ing the green tire G into a vulcanized tire K by supplying 
the heat medium into the bladder 25. Since such a vul- 
canizer 80 does not require conventional center post, 
upper and lower clamp rings and bladder, the vulcanizer 
80 itself has a simplified structure and can be fabricated 
inexpensively. 



[0048] Reference numeral 98 designates a first trans- 
fer machine installed between the preprocessing ma- 
chine 12 and vulcanizer 80. The first transfer machine 
98 includes an arm 100 which is adapted to be swung 

5 and raised and lowered and which has a tip end provid- 
ed with a gripping mechanism 99 for gripping the upper 
holder50. The first transfer machine 98 grips, by its grip- 
ping mechanism 99, the lower and upper holders 24, 50 
supporting the green tire G at the processing station R, 

10 and then raises the arm 100 and swings the same to- 
ward the vulcanizer 80 so as to transfer the lower and 
upper holders 24, 50 up to just above the lower mold 82. 
[0049] Subsequently, the arm 1 00 is lowered to place 
the lower and upper holders 24, 50 onto the lower mold 

15 82, and the lower and upper holders 24, 50 are then re- 
leased from the grip by the gripping mechanism 99. In 
this way, the green tire G is transferred together with the 
lower and upper holders 24, 50, from the preprocessing 
machine 12 to the vulcanizer 80. 

20 [0050] In FIGS. 1 and 5, reference numeral 101 des- 
ignates a post-cure inflator installed on one side of the 
processing station R. The post-cure inflator 101 has a 
disc-like horizontal turntable 102 to be intermittently ro- 
tated about a vertical axis by a motor (not shown). 

25 [0051] Rotatably supported on the turntable 102 are 
a plurality of, here 4 pieces of, rotary shafts 1 03 circum- 
ferentially and equiangularly spaced from one another. 
The rotary shafts 103 are rotated about vertical axes at 
lower speeds by motors (not shown), respectively. Fur- 
so ther, that rotary shaft 103, which is positioned at a re- 
ceiving station U of the post-cure inflator 101 , receives 
the vulcanized tire K together with the lower and upper 
holders 24, 50 from the vulcanizer 80 by means of the 
first transfer machine 98. 

35 [0052] Each rotary shaft 103 includes an upper end 
portion having an outer periphery formed with a plurality 
of circumferentially spaced ball apertures 104. These 
ball apertures 1 04 house therein coupling balls 1 05, re- 
spectively, in a mannerto be radially moveable. Refer- 

40 ence numeral 1 06 designates a cylindrical-wall like slot 
formed within the rotary shaft 1 03 coaxially with the ro- 
tary shaft 103. The slot 106 is inserted therein with a 
cylinder body 1 08 including its upper end having an out- 
er periphery formed with an inclined surface 1 07. 

45 [0053] When the cylinder body 1 08 is raised to there- 
by protrude the parts of coupling balls 1 05 from the outer 
periphery of the rotary shaft 103 in a state where the 
lower holder 24 is placed on the rotary shaft 103, the 
protruded portions of the coupling balls 1 05 are inserted 

50 into a circumference groove 1 09 formed at the inner pe- 
riphery of the lower holder 24 so thatthe lower and upper 
holders 24, 50 are attached onto the rotary shaft 103. 
Contrary, when the cylinder body 108 is lowered, the 
coupling balls 1 05 are engaged with the inclined surface 

55 1 07 and moved radially inwardly, so that the entire cou- 
pling balls 1 05 are fully retracted from the outer periph- 
ery of the rotary shaft 1 03 into the rotary shaft 1 03. This 
allows the lower and upper holders 24, 50 to be de- 



Patent provided by SughruegflEor^ PLLC - iittp://www.sughrue,com 



11 



EP 1 215 024 A2 



12 



tached from the rotary shaft 103. 
[0054] When the lower holder 24 is attached to the 
rotary shaft 1 03 in the manner described above, the first 
fluid passages 63 are communicated to fluid passages 
110 formed in the rotary shaft 103. Thereafter, there is 
supplied into the bladder 25 a low-temperature fluid 
such as cool water or cool air from a fluid source 11 2 via 
circulation passages 111 communicated to the fluid pas- 
sages 110, while rotating the shaft 103 at a lower speed, 
to thereby accelerate cooling or the vulcanized tire K. 
Once the interior of the bladder 25 has been filled with 
the cool fluid, a switching valve 113 is closed and the 
fluid within the bladder 25 is then circulated by a pump 
1 1 5 while cooling the fluid by a heat exchanger 1 1 4, so 
that the vulcanized tire K is continuously quenched. 
[0055] Reference numeral 118 designates a second 
transfer machine installed between the preprocessing 
machine 1 2 and the post-cure inflator 1 01 . The second 
transfer machine 118 includes a gripping mechanism 
119 and an arm 120, similar to the gripping mechanism 
99 and arm 100 of the first transfer machine 98. After 
the cooling of the vulcanized tire K, the second transfer 
machine 118 grips the vulcanized tire K together with 
the lower and upper holders 24, 50 positioned at an un- 
loading station V, transfers them to the processing sta- 
tion R, and places the lower holder 24 onto the support- 
ing stand 1 8. 

[0056] In operation, it is assumed that the conveyer 
14 is operated so that a green tire G is carried into the 
delivering station H. At this time, the elevating stand 38 
is kept stand-by at its upper limit position, and the center 
post 19 is raised to its upper limit position at the process- 
ing station R so as to raise the upper holder body 27 up 
to its upper limit position indicated by the imaginary line 
in FIG. 2. Thus, the bladder 25 is upwardly inflated into 
a cylindrical shape. Simultaneously, the vulcanizer 80 is 
performing vulcanization of a green tire G, while at the 
post-cure inflator 101 those rotary shafts 103 carrying 
vulcanized tires K are slowly rotated to thereby cool the 
vulcanized tires K though the rotation of the turntable 
102 has been stopped. 

[0057] The transferring means 75 is then operated so 
that the gripping mechanism 76 grips and raises the 
green tireG at the delivering station H, and transfers the 
green tire G up to the processing station R, i.e., up to 
between the elevating stand 38 and supporting stand 
18. The gripping mechanism 76 is then lowered together 
with the green tire G, so as to place the lower bead por- 
tion B of the green tire G onto the supporting portion 24a 
of the lower holder 24, thereby supporting the support- 
ing portion 24a from the lower side. At this time, since 
the bladder 25 is extended upwardly to exhibit the cylin- 
drical shape as described above, the green tire G is 
transferred down to the lower holder 24 without being 
obstructed by the bladder 25. The transferring means 
75 is then returned to its initial position, after released 
from the grip. 

[0058] The center post 19 is now to be lowered. At 



this time, the pawls 21 have been swung by the urging 
force of springs so as to protrude from the outer periph- 
eral surface of the center post 1 9. By this, the pawls 21 
are hooked onto the upper surface of the upper holder 

5 body 27 such that the upper holder body 27 is lowered 
integrally with the pawls 21 . Simultaneously, the switch- 
ing valve 69 is opened and the fluid heated to high tem- 
perature is supplied from the fluid source 70 into the 
bladder 25 to thereby gradually inflate the bladder 25 

10 within the green tire G. Simultaneously with the lowering 
of the center post 1 9, the elevating stand 38 is also low- 
ered. 

[0059] Once the lower surface of the upper holder 
body 27 has abutted onto the upper surface of the lower 

15 holder 24, the lowering of the center post 19 is to be 
stopped. At this time, the bladder 25 is inflated within 
the green tire G so as to have a substantially toroidal 
cross section. Thereafter, the elevating stand 38 is low- 
ered until the upper bead ring 45 abuts onto the upper 

20 holder body 27, and this lowering is then stopped. At 
this time, the upper bead ring 45 supports the upper 
bead portion B of the green tire G from the above. Fur- 
ther, the protruding portions 45a of the upper bead ring 
45 pass between the protruding portions 27a of the up- 

25 per holder body 27, and the clutch pieces 55 are coupled 
to the clutch pieces 33 so that the motors 53 arc coupled 
to the pinions 35, respectively. 

[0060] The motors 40, 53 are now driven to thereby 
rotate the pinions 42, 35 engaged with the internal teeth 

30 43 , 34, respectively so as to rotate the rotary ring 39 
and joint ring 31 supported by the elevating stand 38 
and upper holder body 27, respectively, about vertical 
axes. Once the protruding portions 27a and protruding 
portions 45a as well as the protruding portions 24b and 

35 protruding portions 31a are mutually vertically over- 
lapped, respectively, the motors 40, 53 are stopped. 
This couples the upper bead ring 45 to the upper holder 
body 27 to thereby establish the upper holder 50, and 
also couples the lower holder 24 and upper holder 50 to 

40 each other. 

[0061] In the above, oncethe green tireG and bladder 
25 are inflated into the substantially toroidal shape, the 
switching valve 69 is switched into the closed state. 
Thereafter, the hydraulic pump 68 is operated so that 

45 the fluid within the bladder space 64 is conducted to the 
heater 67 and heated thereby, and then again returned 
into the bladder space 64, so thatthe fluid is always kept 
at a predetermined higher constant temperature. In this 
way, the lower and upper holders 24, 50, bladder25 and 

50 green tire G are heated in advance of the actual vulcan- 
izing operation and they are kept stand-by in this state 
until starting the vulcanization. It is thus possibleto elim- 
inate the waiting time for heating them from ordinary 
temperatures up to the predetermined high tempera- 

55 ture, and to thereby shorten the vulcanization time for 
green tires G. 

[0062] Next, the cylinder is operated to lower the ele- 
vating rod 59 and push-in cap 60 until abutting onto the 
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upper holder body 27, to thereby fit the push-in cap 60 
onto the upper end portion of the center post 19. This 
pushes the pawls 21 radially inwardly by the inner pe- 
riphery of the recess 61 . In this state, the center post 19 
is lowered to its lowered-limit position. At this time, the 
pawls 21 have been retracted into the center post 19, 
so that the center post 1 9 is allowed to pass through the 
through-hole 28 to thereby downwardly escape there- 
from, without being obstructed by the pawls 21 . 
[0063] The cylinders 47 are then rotated so that the 
piston rods 48 of cylinders 47 are retracted to thereby 
pull the joining pieces 49 out of the joining holes 46, re- 
spectively. Thus, the joint between the upper bead ring 
45 and rotary ring 39 is released. Thereafter, the elevat- 
ing stand 38 is raised to its upper limit position. 
[0064] In this way, the green tire G, lower and upper 
holders 24, 50 as well as bladder 25 are combined with 
one another and the fluid is supplied into the bladder 25 
to thereby inflate it, at a location outside of the vulcanizer 
80, here at the processing station R, before the vulcan- 
izing operation. Thus, the combined components can be 
delivered into the vulcanizer 80 as they are, making it 
possible to immediately start the vulcanizing operation, 
and thereby improve the overall work efficiency. 
[0065] Oncethe green tire G has been vulcanized and 
formed into the vulcanized tire K at the vulcanizer 80, 
the upper base 84 and outer ring 90 are raised. Howev- 
er, the upper plate 85 is kept stationary at this time, so 
that the sector segments 92 and sector molds 93 are 
synchronously moved and radially outwards by the 
wedging effect of the inclined surfaces 90a, 92a, while 
allowing the sector segments 92, hence the sector 
molds 93, to be supported by the upper plate 85. There- 
after, the upper plate 85, upper mold 87, sector seg- 
ments 92 and sector molds 93 are raised at the same 
speed as the upper base 84, to thereby open the vul- 
canizer 80. 

[0066] Next, the lower and upper holders 24, 50 sup- 
porting the vulcanized tire K are gripped by the gripping 
mechanism 99, and the arm 100 is then raised. There- 
after, the arm 1 00 is swung toward the post-cure inflator 
101 so as to transfer the gripped components toward 
just above an empty rotary shaft 103 at the receiving 
station U. The arm 100 is then lowered so as to place 
the lower and upper holders 24. 50 onto the rotary shaft 
103, and releases the lower and upper holders 24, 50 
from the grip by the gripping mechanism 99. In this way, 
the vulcanized tire K is transferred from the vulcanizer 
80 to the post-cure inflator 101 together with the lower 
and upper holders 24, 50 by the first transfer machine 
98. 

[0067] At this time, the cylinder body 1 08 is raised so 
that the portions of the coupling balls 1 05 are protruded 
from the outer periphery of the rotary shaft 1 03 and in- 
serted into the circumference groove 1 09. Thus, the low- 
er and upper holders 24, 50 supporting the vulcanized 
tire K are attached to the rotary shaft 103. Thereafter, 
the low-temperature fluid is supplied into the bladder 25 



while rotating the rotary shaft 1 03 at a low speed, there- 
by cooling the vulcanized tire K. Once the interior of the 
bladder 25 has been filled with the low-temperature flu- 
id, the switching valve 1 1 3 is closed and the fluid within 

5 the bladder 25 is circulated by the pump 1 1 5 while cool- 
ing the fluid by the heat exchanger 1 1 4, thereby contin- 
uously cooling the vulcanized tire K. 
[0068] In this way, the vulcanized tire K is transferred 
from the vulcanizer 80 to the post-cure inflator 101 to- 

10 gether with the lower and upper holders 24, 50 as well 
as the bladder 25, and the vulcanized tire K is cooled by 
rotating the rotary shaft 1 03 of the post-cure inflator 1 01 
after the lower and upper holders 24, 50 have been at- 
tached to the rotary shaft 103. This eliminates the ne- 

15 cessity of time for discharging the heat medium from the 
bladder 25 after vulcanization, to thereby improve the 
overall work efficiency. 

[0069] Further, it becomes also unnecessary to sep- 
arate the vulcanized tire K from the bladder 25, and to 
20 mount the vulcanized tire K onto a rim of a post-cure 
inflator which has been conventionally provided. This al- 
lows to improve the uniformity of product tires. Further, 
the conventionally provided rim is substituted by the low- 
er and upper holders 24, 50, thereby allowing simplifi- 
es cation in terms of structure of the post-cure inflator 101. 
[0070] Since the low-temperature fluid is supplied into 
the bladder 25 upon cooling the vulcanized tire K as de- 
scribed above, the vulcanized tire K can be rapidly 
cooled while avoiding a direct contact between the inner 
30 surface of the vulcanized tire K and the fluid. 

[0071] Meanwhile, when the gripping mechanism 99 
has released the lower and upper holders 24, 50 from 
the grip by this mechanism, the arm 100 is swungtoward 
the vulcanizer 80. When the gripping mechanism 99 has 
35 reached just above the processing station R midway 
through the swing, the swinging of the arm 100 is 
stopped temporarily. Next, the arm 100 is lowered and 
then the gripping mechanism 99 grips the lower and up- 
per holders 24, 50 supporting the green tire G kept 
40 stand-by in a pre-heated manner at the processing sta- 
tion R. 

[0072] Next, the arm 1 00 is raised and then swung up 
toward the vulcanizer 80. Further, the arm 100 is low- 
ered until the green tire G is placed onto the lower mold 

45 82, whereupon the gripping mechanism 99 releases the 
lower and upper holders 24, 50 from the grip by this 
mechanism. Thereafter, the arm 100 is raised and 
swung up to a stand-by position between the vulcanizer 
80 and preprocessing machine 12. 

50 [0073] Subsequently, the upper base 84 and upper 
plate 85 are synchronously lowered such that the low- 
ering of the upper plate 85 is stopped when the sector 
segments 92 have abutted onto the upper surface, and 
then only the upper base 84 and outer ring 90 are kept 

55 lowered. As a result, the sector segments 92 and sector 
molds 93 are pushed by the outer ring 90 and thus 
moved radially inwards, while being supported by the 
upper plate 85. Then, when the upper base 84 has low- 
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ered down to its lower limit position, the neighboring sec- 
tor molds 93 are closely contacted with one another, to 
thereby exhibit a continuous annular shape. At this time, 
the upper and lower holders 50, 24 in the joined state 
are closely contacted with the upper and lower molds 
87, 82 and clamped from the above and below so that 
the green tire G is housed within the vulcanizing space. 
[0074] The heat medium at high temperature and high 
pressure is then supplied into the green tire G, specifi- 
cally into the bladder 25, from the heat medium source 
via medium passages 95 and first fluid passages 63. 
Thus, the green tire G is vulcanized while being pressed 
onto the shaping surfaces 83, 88. 94. At this time, the 
lower and upper holders 24, 50 arc joined to each other, 
so thatthefluid force of the heat medium acting onto the 
lower and upper holders 24, 50 is born by the joint ring 
31, thereby allowing to reduce the tightening force by 
the vulcanizer 80 upon vulcanization. 
[0075] Meanwhile, when the first transfer machine 98 
has started transfer of the lower and upper holders 24, 
50 as well as the green tire G from the processing station 
R toward the vulcanizer 80, the arm 1 20 of the second 
transfer machine 1 1 8 is swung up to the unloading sta- 
tion V and then lowered so that the gripping mechanism 
1 1 9 grips the lower and upper holders 24, 50 supporting 
the vulcanized tire K which has been cooled. Atthistime, 
the cylinder body 1 08 of the rotary shaft 1 03 positioned 
at the unloading station V is lowered, so that the cou- 
pling balls 105 are withdrawn from the circumference 
groove 1 09, to thereby release the coupling between the 
lower and upper holders 24, 50, on one hand, and the 
rotary shaft 103, on the other hand. 
[0076] Subsequently, the arm 1 20 is raised while grip- 
ping the lower and upper holders 24, 50 and vulcanized 
tire K, and then swung toward the processing station R 
so as to transfer the gripped lower and upper holders 
24, 50 and vulcanized tire K toward the processing sta- 
tion R. The arm 120 is then lowered until the lower and 
upper holders 24, 50 are placed onto the supporting 
stand 18, whereupon the gripping mechanism 119 re- 
leases the lower and upper holders 24, 50 from the grip 
thereof. The arm 120 is then raised and swung toward 
the stand-by position between the preprocessing ma- 
chine 1 2 and post-cure inflator 1 01 . 
[0077] When the lower and upper holders 24, 50 and 
vulcanized tire K are detached from the rotary shaft 1 03 
at the unloading station V in the above manner, the turn- 
table 102 of the post-cure inflator 1 01 is rotated by 90°, 
so that the emptied rotary shaft 1 03 is moved up to the 
receiving station U. 

[0078] At this time, the temperatures of the lower and 
upper holders 24, 50 on the supporting stand 18 have 
been lowered down to the substantially ordinary temper- 
atures. It is thus desirable to previously heat the lower 
and upper holders 24, 50 such as by an electromagnetic 
induction heater (not shown), in preparation for the next 
vulcanization. Next, the elevating stand 38 is lowered 
down to its lower limit position, so that the rotary ring 39 



is abutted onto the upper bead ring 45 and the clutch 
pieces 33, 55 are coupled to each other. The piston rods 
48 of cylinders 47 are then protruded such that the join- 
ing pieces 49 are inserted into the bottoms of the joining 

5 holes 46, respectively, and the cylinders 47 and joining 
pieces 49 are rotated such that the rotary ring 39 and 
upper bead ring 45 are coupled to each other. 
[0079] Next, the motors 40, 53 arc operated to thereby 
rotate the rotary ring 39 and joint ring 31 until the pro- 

10 truding portions 45a are brought to be positioned be- 
tween the protruding portions 27a and the protruding 
portions 31a are brought to be positioned between the 
protruding portions 24b, respectively, to thereby release 
the coupling between the upper bead ring 45 and upper 

15 holder body 27, and the coupling between the lower 
holder24 and upper holder50. Thereafter, the elevating 
stand 38 is raised up to its raised-limit position together 
with the upper bead ring 45. 

[0080] The center post 19 is then raised so that the 

20 pawls 21 of the center post 19 arc pushed into the center 
post 19 by the through-hole 28, to thereby allow the 
center post 1 9 to pass through the through-hole 28 and 
to protrude beyond the upper holder body 27. Thereaf- 
ter, the pawls 21 are swung by the urging forces of the 

25 associated springs, respectively, to thereby protrude 
from the outer peripheral surface of the center post 19. 
By continuously raising the center post 19, the flange 
20 is caused to abut onto the upper holder body 27, so 
that the upper holder body 27 is lifted up to the position 

30 indicated by imaginary line in FIG. 2 to thereby extend 
the bladder 25 into the substantially cylindrical shape. 
[0081] The transfer means 75 is operated such that 
the vulcanized tire K at the processing station R is 
gripped by the gripping mechanism 76, and then raised 

35 and transferred up to just above the takeout station J. 
Atthistime, the bladder 25 has been upwardly extended 
to exhibit the cylindrical shape as described above, so 
that the vulcanized tire K can be lifted without being ob- 
structed by the bladder 25. 

40 [0082] Next, the gripping mechanism 76 is lowered to- 
gether with the vulcanized tire K, to thereby transfer the 
vulcanized tire K onto the upstream end portion of the 
conveyer 15. The conveyer 1 5 is then operated to trans- 
fer the vulcanized tire K to a next station. The transfer 

45 means 75 is thereafter returned to its initial position. 
[0083] What has been described above corresponds 
to one cycle of operation according to the present inven- 
tion, and this cycle is repeated so as to successively pro- 
duce pneumatic tires, one after another. 

50 [0084] In the above-mentioned embodiment, the fluid 
has been supplied into the bladder 25 just before the 
lower and upper holders 24, 50 are joined to each other. 
However, it is possible according to the present inven- 
tion to supply the fluid into the bladder 25 after the lower 

55 and upper holders 24, 50 have been joined to each oth- 
er. 

[0085] According to the present invention as de- 
scribed above, it becomes possible to inflate the bladder 
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by an outside preparation , to thereby improve the overall 
work efficiency and productivity at a tire factory. 
[0086] While the present invention has been de- 
scribed above with reference to a preferred embodiment 
shown in the drawings, it is needless to say that various 5 
changes and/or modifications may be made without de- 
parting from the scope of the invention as defined by the 
appended claims. 



Claims 

1 . A method for producing a pneumatic tire, compris- 
ing the steps of: 

15 

supporting both bead portions of a green tire by 
a pair of holders to which opposite axial ends 
of a bladder are tightly attached, respectively, 
joining the holders to each other and supplying 
afluid intothe bladderto preliminarily inflate the 20 
bladder within the green tire, and 
transferring the green tire into a vulcanizer, to- 
gether with the holders and the preliminarily in- 
flated bladder, and then supplying a heat me- 
dium into the bladder to thereby vulcanize the 25 
green tire and form a vulcanized tire. 

2. The method according to claim 1 , wherein the fluid 
to be supplied into the bladder for its preliminary in- 
flation is a high-temperature fluid. 30 

3. The method according to claim 1 , further compris- 
ing the steps of: 

transferring the vulcanized tire, together with 35 
the holders and the bladder, from the vulcanizer 
to a post-cure inflator, and attaching said hold- 
ers to a rotary shaft of said post-cure intlator; 
and 

rotating the rotary shaft of the post-cure inflator 40 
to thereby cool the vulcanized tire. 

4. The method according to claim 3, further compris- 
ing the step of accelerating cooling of the vulcan- 
ized tire, by supplying a low-temperature fluid into 45 
the bladder. 

5. An apparatus for producing a pneumatic tire, com- 
prising: 

50 

a preprocessing machine comprised of (i) join- 
ing means for mutually joining a pair of holders 
supporting both bead portions of a green tire, 
respectively, and (ii) preliminary inflating 
means for supplying a fluid into a bladder hav- 55 
ing opposite axial ends tightly attached to the 
holders, respectively, to thereby preliminarily 
inflate the bladder within the green tire; 



a vulcanizer for supplying a heat medium into 
the bladder within the green tire, to thereby vul- 
canize the green tire and form a vulcanized tire; 
and 

transfer means for transferring the green tire to- 
gether with said holders and the preliminarily 
inflated bladder, from the preprocessing ma- 
chine to the vulcanizer. 
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FIG. 2 
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FIG. 5 
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